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Abstract—Detection of corner is the most essential process
in a large number of computer vision and image processing
applications. We have mentioned a number of popular contour-
based corner detectors in our paper. Among all these detectors
chord to triangular arm angle (CTAA) has been demonstrated
as the most dominant corner detector in terms of average re-
peatability. We introduce a new effective method to calculate the
value of curvature in this paper. By demonstrating experimental
results, our proposed technique outperforms CTAA and other
detectors mentioned in this paper. The results exhibit that our
proposed method is simple yet efficient at finding out corners
more accurately and reliably.
Keywords - Image processing, Computer vision, Corner
detection, Average repeatability, CTAA.
I. INTRODUCTION
Feature detection of images has been a cornerstone of
modern image processing, which has had a profound influence
on various computer vision and image processing applications.
From an image processing point of view, a feature is a piece of
relevant image information with help of which various com-
putational tasks can be solved which are related to a certain
range of applications. Examples of these applications include
edge detection, point of object detection, corner detection etc.
A corner could be termed as location of an image edge where
angle of the slope changes suddenly [1]. This is the exact
property that this paper aims to utilize for finding a better
method of corner detection.
Among the famous chord-based corner detectors, Chord
to Point Distance Accumulation (CPDA) technique is a well
known one [2]–[5]. It uses a number of chords of varying
lengths and then calculates a joint accumulated value of dis-
tance as the measure of curvature for a point. The probability
of a point being a candidate corner is proportional to the
value of the curvature. The benefit of CPDA is its relatively
lower localization error. Nonetheless, when we consider using
multiple chords being followed by a somewhat expensive
process of refinement, they make CPDA quite an expensive
process. A more recent example of corner detector is Chord
to Triangular Arms Ratio (CTAR) which is also more effective
and much simpler process [1]. The CTAR method employs a
simple triangulation theory to determine the value of curvature
in each point, where the major advantage is limiting the
number of chrods from multiple in CPDA to just one in CTAR.
CTAR refinement process is also simpler in comparison to
that of CPDA. This comparative study of corner detectors in
[6] finds CTAR to be more effective and faster than CPDA
in the field of average repeatability. However, CPDA has a
lower localization error compared to that of CTAR. Chord to
Triangular Arm Angle (CTAA) [7] is another image corner
detector which employs the method of using estimated corner
angle as the value of curvature in order to find corners. [7]
demonstrates that CTAA performs better than CTAR in terms
of average repeatability as well as localization error. Still,
CPDA has a lower localization error compared to CTAA.
This paper proposes an algorithm which uses the concept
of tangent along with a single chord to determine the corner
points. Our experiments demonstrate that our proposed cor-
ner detector outperforms the CTAA method in the fields of
average repeatability as our method uses simple mathematical
operators and equations. We find an optimal angle value as
well as chord length which give us better results.
II. BACKGROUND
A concise discussion of three chord-based detectors is
presented in this section. These detectors are CPDA, CTAR,
and CTAA. Since our work is inspired by useful insights into
these methods, it is only appropriate that we discuss them in
this section.
As CPDA is the predecessor of CTAR, and CTAA is the
intellectual successor of both CPDA and CTAR, they all share
some preprocessing steps. All three of them start with the
detection of curves from images, similar to what most of
the other chord-based detectors do [1], [3], [8], [9]. With the
help of Canny edge detector, edges are obtained from planar
curves. The edges then go through a smoothing process which
utilizes a Gaussian kernel. After that, T junctions happen to
be identified and then stored.
Three discrete values of curvature are rendered for every
location on extracted curves by CPDA. This is done by using
three separate chords having lengths 10, 20, 30. Let each one
of these chords be termed Li where i  10, 20, 30. They get
moved along each of the curves. In Fig. 1, N points on the
curve are termed as P1, P2, P3, ...., PN . Therefore, the chord
Li is a straight line which joins the points Pj and Pj+i that are
on the curve and are themselves i points apart. For estimating
the value of curvature hLi(q) at the point Pq using chord of
length i, CPDA moves the chord on each side of Pq for a
maximum of i points, while maintaining Pq as interior point.
Thus distance dq,j measuring the distance from Pq to the chord
is determined. Finally, the value of curvature is accumulated
using (1).
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hLi(q) =
q−1∑
j=q−i+1
dq,j (1)
After that, the values of curvature that were estimated using
every chord gets normalized using the normalizing equation
mentioned in (2).
h′Li(q) =
hLi(q)
max(hLi)
, i ∈ {10, 20, 30}, 1 ≤ q ≤ N (2)
The values that were calculated for the three different chords
using (2) are now multiplied together by using (3).
H(q) = h′L10(q)× h′L20(q)× h′L30(q), for 1 ≤ q ≤ N (3)
Next, candidate corners are found out by rejecting the
weak corners by the use of local maxima of the absolute
curvature. It is done by comparing the values of curvature
to threshold Th. This threshold is set to 0.2 by the authors of
CPDA. Considering the hypothesis that “a well defined corner
should have a relatively sharp angle” [10] what CPDA does
is calculating angle from a specific candidate corner to two
of its neighboring candidate corners which are from previous
step. This angle is then compared to the threshold angle δ
with a view to removing false corners. The angle-threshold δ
mentioned here is set to be 157◦. In the end, CPDA compares
T-junctions with detected corners and adds the T-junctions that
are much further away from detected corners. This process of
refinement is done with complex equations.
CTAR is another method which was first proposed in [1]. In
place of distance accumulation, another technique which has
its roots in triangulation theory is used to determine the value
of curvature. Each time a chord is put on curve, a brand new
triangle can be generated by using two opposite ends of the
chord along with the mid-point of segment of curve that is
between two ends of above chord. The ratio of chord-length
to summation of the length of another two sides of the triangle
is taken. These two sides are defined to be from middle point
of curve to two respective ends of that chord. The value of
the aforementioned ratio is the estimated value of curvature
for the mid-point of curve segment. As this measure is not
using any kind of derivative based measurements, therefore it
makes use of a relatively larger neighourhood.
Fig. 1. Estimation of curvature using CPDA with chord [8]
The above process will now be discussed with the help of
an example depicted in Fig. 2. Let N points on a curve be
P1, P2, ..., PN . Let Pi be the point in which the value of
curvature needs to be determined. First k points from the point
Pi is traversed in forward direction leading to point Pi+k.
Then again, k points from Pi in the backward direction is
traversed leading to point Pi−k. If these three points, namely
Pi−k, Pi, Pi+k happen to be collinear, then the ratio of chord
length between Pi−k and Pi+k, to the sum of the length of the
remaining two sides of this triangle, from Pi to Pi−k and from
Pi to Pi+k in that order, will be 1. Otherwise the ratio will
be less that 1. The value of this ratio is inversely proportional
to sharpness of the corner at point Pi. Now, on point Pi, the
value of curvature is determined using (4).
Fig. 2. Estimation of curvature using CTAR with chord [1]
RL(i) =
d1
d2 + d3
(4)
If the value of RL(i) is lower than the value of the threshold
Th = 0.9896, then Pi gets considered as a candidate corner
[1]. In comparison, CTAR is faster than CPDA in terms of
computation [6] and can find corners in a more reliable fashion
under a range of image transformations [1].
Now we move on to the description of CTAA. Both chord-
based detectors described so far in this section calculate values
of curvature with help of length of sides of a number of
triangles that are drawn around a specific point or a specific
edge. CTAA simply calculates the angle between the sides of
the triangle which originates from the point of edge [7].
CTAA is similar to CTAR and CPDA in the sense that all of
these chord detectors traverse every single point on extracted
curve. When CTAA detector is traversing the entire curve,
it calculates the value of curvature for every point. Using
neither accumulated distance method nor the ratio of length
of sides, CTAA actually calculates angle α that is formed by
this triangle in Fig. 3. Let P1, P2, P3, ..., Pn be a set of
points called P on this curve. Pi is a point where the value
of curvature needs to be calculated. Considering k = 3, the
two other significant points are Pi−k and Pi+k [7]. An acute
angle α can now be calculated using (5).
α = cos−1
a2 + b2 − c2
2ab
(5)
Where,
a =
√
(Pix − P(i−k)x)2 + (Piy − P(i−k)y)2 (6)
b =
√
(Pix − P(i+k)x)2 + (Piy − P(i+k)y)2 (7)
c =
√
(P(i+k)x − P(i−k)x)2 + (P(i+k)y − P(i−k)y)2 (8)
If angle α is lower than a certain threshold angle θ ≈
163.5◦, that point is termed as candidate corner. The final
refinement process is mostly similar to that of CTAR, where
every local minima coming from candidate corners gets con-
sidered as actual corners.
III. DESCRIPTION OF PROPOSED TECHNIQUE
We name our proposed technique as Chord Angle Deviation
using Tangent (CADT) detector. In this technique, a chord is
moved along each curve in order to measure value of curvature
at each point of that curve. This chord is used to calculate
the tangents of two pairs of points on the curve, each pair
including our target point where the value of curvature is to
be calculated. Then the two tangent measures are used to find
out the candidate corners.
The detailed explanation along with example of our pro-
posed technique is as follows. Let P1, P2, P3, ..., Pn be a set
of n points on the curve in Fig. 4. Pk is the the middle point of
the chord where we need to find the value of curvature. Hence
the chord is stretching from point Pk−l up to point Pk+l, thus
the length of the chord is 2l+ 1. Let the line stretching from
point Pk−l up to point Pk be called L1, and the line stretching
from point Pk up to point Pk+l be called L2. Therefore the
intersection of these two lines is point Pk, and the equation
of tangent for these two lines is given in (9) and (10).
mL1 =
yPk − yPk−l
xPk − xPk−l
(9)
mL2 =
yPk+l − yPk
xPk+l − xPk
(10)
Next, we compute the acute angle between these two lines.
For this purpose we use the inverse tangent function as shown
in (11).
Fig. 3. Estimation of curvature using CTAA [7]
θ = arctan
∣∣∣∣∣ mL1 −mL21 +mL1mL2
∣∣∣∣∣ (11)
Now, the supplementary angle of θ is termed as α, equation
for which is expressed in (12).
α = 180◦ − ∣∣θ∣∣ (12)
α is termed as the value of curvature of point Pk. If for
any point this value of curvature is lower than the threshold
angle of our proposed method Thα = 158.4
◦, then that
point is considered as a candidate corner. For our proposed
solution, we proved experimentally that a chord length of 9,
i.e. l = 4 produces the best results. The refinement process of
our proposed method is quite similar to the simple refinement
process of CTAA. This process involves finding out all the
local minima from the set of candidate corners and considering
them as actual corners [7].
A. Image Accumulation and Transformation
A grand total of 23 divergent images are used. The images
are gray-scale images and include both artificial images as
well as real world ones. The same collection of images were
employed in the original work of CPDA and CTAR [1],
[8]. Maximum of these images are gathered from standard
databases [11], [12]. Table I demonstrates the transformations
that are applied to this set of images in order to obtain a grand
total of 8350 transformed test images.
B. Evaluation Metrics
Two oft-used metrics in the field of corner detection are
average repeatability and localization error. These metrics
are used for quantitative judgment of performance [1], [2],
[8], [13]. In terms of the set up of our experiment, average
repeatability is simply a tool to measure the mathematical
mean of the number of repeated corners that have been
identified by corner detector in discussion between the original
and the transformed images [8]. It has been defined as in (13).
Fig. 4. Curvature estimation using CADT
TABLE I
IMAGE TRANSFORMATIONS APPLIED ON 23 BASE IMAGES [7]
Transformations Transformationfactors
Number of
images
Scaling
Factors of scale sx=sy
in [0.5, 2.0] at .1
intervals, excluding 1.0
345
Shearing
Factors of shear shx
and shy in [0, 0.012]at
0.002 intervals.
1081
Rotation
18 separate angles of
range −90◦ to +90◦
at 10◦
437
Rotation-Scale
in [-30, +30 ] at 10◦
intervals, followed by
uniform and non
uniform factors of
scale sx and sy in
[0.8, 1.2] at 0.1 apart.
4025
Nonuniform
Scale
Scale factors sx in
[0.7, 1.3] and sy in
[0.5, 1.5] at 0.1
intervals.
1772
JPEG
compression
Compression at 20
quality factors in [5,
100] at 5 intervals.
460
Gaussian noise
Gaussian (G) noise at
10 variances in [0.005,
0.05] at 0.005
intervals.
230
AverageRepeatability = 100%×
Ap
Bq
+
Ap
Cr
2
(13)
A corner is termed as “repeated” if it falls within a radius
having 3 pixels of its expected location inside transformed
image. This is the criteria that has been used by [1], [8],
where Cr and Bq are respectively counts of corners that have
been detected in the test and original images, and Ap is the
count of repeated corners between these two images. On the
other hand, localization error is the measure of amount of pixel
deviation of the repeated corners [8]. This can be measured
by computing the root-mean-square-error, which is abbreviated
as RMSE, of the locations of repeated corners in the test and
original images. Equation of localization error is as in (14),
Le =
√√√√ 1
Ap
Ap∑
i=1
(xmi − xni)2 + (ymi − yni)2 (14)
where (xmi, ymi) and (xni, yni) are positions of i-th re-
peated corner of respectively the original and test images.
C. Results and Discussion
In Fig. 5 we show one image of a leaf from the test image
database that has been used in our experiment. Fig. 6, 7, 8,
and 9 depict the corners that have been detected from the leaf
image by CPDA, CTAR, CTAA, and CADT respectively.
Fig. 10 depicts a comparative indication for the metric of
average repeatability of CPDA, CTAR, CTAA, and CADT
for seven distinct transformations apiece, as well as the mean
of average repeatability across all the transformations. From
this comparative picture, we see that in terms of average
repeatability, tangent process outperforms CTAA, which in
turn outperforms CTAR as well as CPDA. This comparison
signifies that by adopting our proposed approach, more reliable
corner detection can be achieved, in comparison to using the
ratio of length of triangle sides, or accumulated distance (as
with CPDA).
Table II demonstrates the count of corners that have been
detected from the original images and the average repeatability
(across all transformations) of these corner detectors.
TABLE II
AVERAGE REPEATABILITY AND NUMBER OF CORNERS DETECTED BY
CORNER DETECTORS
Methods Average repeatability Corner count
CPDA 72.5 882
CTAR 74.48 1364
CTAA 74.56 1367
CADT 74.77 1351
Fig. 11 depicts a comparative indication for the metric of
average repeatability of CPDA, CTAR, CTAA, and CADT.
CADT and CTAR have identical localization error value 2hich
is approximately 1.19. On the other hand, CADT has slightly
higher localization error value than that of CTAA, which can
be a topic for future research for performance improvement.
For calculating the value of curvature, CPDA, CTAR,
CTAA, and CADT use a range of mathematical operations.
Each of the operations uses some significant as well as
non-significant computational complexity. According to [1],
square root operation is computationally the most expensive
operation. All three detectors of CPDA, CTAR, and CTAA use
the square root operation to calculate their respective values of
Fig. 5. Test image contained in experiment database [7]
Fig. 6. Corners detected by CPDA process [7]
Fig. 7. Corners detected by CTAR process [7]
curvature which depends on the Euclidean distance between
two points on a plane. In contrast to the above mentioned
detectors, our proposed detector does not use such complex
and expensive mathematical operation. Therefore, we can say
that our proposed detector is computationally effective.
IV. CONCLUSION
Our paper focuses at proposing an effective and reliable
corner detector to identify corners in an image. We have used
a set of simple mathematical calculations to estimate the value
of curvature. We have compared our experimental results with
CTAA, CTAR, and CPDA, where we have found that our
proposed corner detector achieves the best average repeata-
bility in detecting strong corners. Nonetheless the localization
error of our proposed detector is slightly higher than that of
CPDA and same as that of CTAR. Our proposed method is
computationally faster and efficient.
Fig. 8. Corners detected by CTAA process [7]
Fig. 9. Corners detected by CADT process
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